Introduction {#s1}
============

Congenital hypothyroidism (CH) can be permanent (P-CH) or transient (T-CH), and based on factors such as sex, birth wt, and levels of TSH, T~4~, free T~4~ (fT~4~), and Tg ([@r1],[@r2],[@r3],[@r4],[@r5],[@r6],[@r7],[@r8],[@r9],[@r10],[@r11],[@r12]) at the time of neonatal screening tests, these two CH types are difficult to differentiate prior to treatment initiation. However, previous studies have reported significant differences in the levothyroxine (LT4) dosages for 3-yr-old children with P-CH vs. T-CH ([@r1], [@r3], [@r5], [@r7],[@r8],[@r9],[@r10],[@r11],[@r12]), and six studies have also identified LT4 dosage cutoff values for differentiating between P-CH and T-CH in 3-yr-old children ([@r7],[@r8],[@r9],[@r10],[@r11],[@r12]). The aim of this study was to determine the presently unknown LT4 dosage cutoff values for Japanese children of ages 1 and 3 yr.

Subjects and Methods {#s2}
====================

This retrospective single-center study was conducted at the Tokyo Metropolitan Children's Medical Center, Fuchu-city, Tokyo, Japan between 2010 and 2016. Children above the age of 3 yr with congenital hypothyroidism (CH), detected via neonatal screening of TSH and fT~4~ levels, were recruited. Those with Down syndrome, central hypothyroidism, delivered prematurely (\< 37 wk of gestation), drug-induced hypothyroidism, thyroid dysfunction due to maternal thyroid disease, or incomplete data, were excluded from the study. The ethics review board of the Medical Center approved the study (ID: H 28b-83), and informed consent was obtained from the parents of the study participants.

A chemiluminescence enzyme immunoassay (Lumipulse® kit; Fujirebio, Tokyo, Japan) was used to measure thyroid hormone levels, which had reference ranges as follows: TSH, 0.65--6.60 μIU/mL (birth--4 mo) and 0.33--6.60 μIU/mL (4 mo--12 yr); free T~3~, 1.74--5.50 pg/mL (birth--11 mo) and 1.89--5.10 pg/mL (11 mo--13 yr); and fT~4~, 0.96--2.0 ng/dL (birth--5 yr).

After neonatal screening, all subjects received LT4 treatment for CH, which was classified as P-CH or T-CH based on their chart information. P-CH was defined as a condition requiring lifelong hormone therapy due to insufficient thyroid hormone production, and included subjects who continued to require LT4 treatment after the 3 yr of age. They were then divided into 3 subgroups as follows: A) those who required an increased LT4 dosage after LT4 initiation, B) those with high TSH levels (\> 5 μIU/mL) following LT4 dosage reduction, and C) those with very high TSH peaks (\> 40 μIU/mL) based on TRH stimulation tests 1 month after the withdrawal period. T-CH was defined as a condition that required transient hormone therapy during the early stages of life, and included subjects who discontinued LT4 therapy at 3 yr of age, and did not require LT4 re-administration for more than a year after LT4 discontinuation. The maximum period of observation after LT4 discontinuation was about 3 yr.

Retrospectively, the following items in the charts of the subjects were examined: current age, sex, gestational age, birth wt, body wt at ages 1 and 3 yr, TSH and fT~4~ levels, age at LT4 treatment initiation, initial LT4 dosage, TRH stimulation test results, and the presence of an aplastic, hypoplastic, or ectopic thyroid gland, detected using ultrasonography. Also, increase in LT4 dosage during treatment, increase in TSH level after LT4 dose reduction, and LT4 treatment discontinuation, were determined. To assess LT4 dosages at 3 yr of age, the dosages administered at this age were used for those in P-CH subgroups A and B. For the assessment of the P-CH subgroup C and the T-CH group, the final dosages administered before discontinuation were used, and LT4 had been discontinued for 1 mo prior to TRH test. At the study center, LT4 treatment was initiated or increased if TSH levels exceeded 10 and 5 μIU/mL at initial and after initial treatment, respectively.

The LT4 dosages at ages 1 and 3 yr of the P-CH and T-CH groups were compared. The chi-square test was used to compare categorical variables, and the unpaired *t* test or Mann-Whitney U-test was used to compare continuous variables. Receiver-operating characteristic (ROC) analysis was performed to determine the LT4 dosage cutoff at ages 1 and 3. All statistical analyses were performed using Easy R (EZR) v3.5.2, and *p* \< 0.05 indicated statistical significance.

Results {#s3}
=======

Ninety-three CH patients followed up at the study center were identified ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Flow diagram of the study selection process. CH, congenital hypothyroidism; P-CH, permanent congenital hypothyroidism; T-CH, transient congenital hypothyroidism.), and patients with the following were excluded: Down syndrome (n = 19), central hypothyroidism (n = 9), delivered prematurely (n = 8), drug-induced hypothyroidism (n = 3), and data deficits (n = 20). The remaining 34 cases were classified as P-CH (n = 19, 56%) or T-CH (n = 15, 44%), and the P-CH group was further divided into 3 subgroups: A) increased LT4 dosage required after LT4 initiation (n = 12), B) TSH level \> 5 μIU/mL following LT4 dosage reduction (n = 6), and C) TSH peaks \> 40 μIU/mL detected using TRH stimulation tests after the 1 mo withdrawal period (n = 1). In P-CH subgroup C, the dose was temporarily 0 μg/kg/d at the time of evaluation in 3-yr-old. However, the peak of TSH during the TRH test was \> 40 μIU/mL, and LT4 treatment had to continue after the age of 3 yr. Therefore, this subgroup C was classified as P-CH. In the 15 T-CH patients, LT4 therapy was started at first visit (after newborn screening test) and continued at the same dosage for up to 3 yr.

Medical record review for the 34 eligible children revealed that the number of male and female patients were 11 and 8 in the P-CH group, and 7 and 8 in the T-CH group, respectively. Their clinical characteristics shown in [Table 1](#tbl_001){ref-type="table"}Table 1.Clinical characteristics of P-CH and T-CH patients reveal that there were no significant differences in sex, gestational age, birth wt, body wt, or age, TSH level or fT~4~ level at treatment initiation, and the presence of an aplastic, hypoplastic, or ectopic thyroid gland, between the P-CH and T-CH groups.

There were significant differences in the LT4 dosage between the P-CH and T-CH groups at 1 yr (3.1 ± 1.2 and 1.9 ± 0.5 μg/kg/d, respectively; *p* = 0.0007) and 3 yr of age (2.4 ± 1.2 and 1.0 ± 0.5 μg/kg/d, respectively; *p* = 0.0003). The LT4 dosage ROC curves shown in [Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Receiver operating characteristic curves for LT4 dosages. (A) At 1 yr of age. (B) At 3 yr of age. revealed that when LT4 dosage cutoff at 1 yr was set at 2.4 μg/kg/d, the sensitivity and specificity were 93 and 74%, respectively, and when it was set at 1.3 μg/kg/d, at 3 yr of age, the sensitivity and specificity were 80 and 84%, respectively.

The P-CH group consisted of three patients with a hypoplastic thyroid gland and one with an ectopic thyroid gland. None in the T-CH group presented with an aplastic, hypoplastic, or an ectopic thyroid gland. After excluding these four patients from the P-CH group, a further analysis revealed significant differences in the LT4 dosages between the eutopic P-CH (n = 15) and eutopic T-CH (n = 15) groups at 1 (2.6 ± 0.6 and 1.9 ± 0.5 μg/kg/d, respectively; *p* = 0.0007) and 3 (2.0 ± 0.8 and 1.0 ± 0.5 μg/kg/d, respectively; *p* = 0.0007) yr. When the LT4 dosage cutoff at 1 yr was set at 2.4 μg/kg/d, the sensitivity and specificity were 93 and 67%, respectively, and when it was set at 1.3 μg/kg/d at 3 yr of age, they were 80 and 80%, respectively.

Three false negatives ---namely, children administered a higher than expected LT4 dosage--- were identified in the T-CH group at both 1 and 3 yr of age. All three were born between wk 37 and 40 of gestation, after an uncomplicated pregnancy and delivery, and exhibited no signs of hypothyroidism, except for jaundice. The first case involved a 12-d-old girl with a body wt of 2.8 kg (--0.5 SD) at diagnosis, and respective TSH and fT~4~ levels of 10.3 μIU/mL and 1.39 ng/dL, who was administered an initial LT4 dosage of 5.4 µg/kg/d. The second case involved a 17-d-old boy with a body wt of 3.7 kg (--1.0 SD) at diagnosis, and respective TSH and fT~4~ levels of 25.1 μIU/mL and 0.91 ng/dL, who was administered a high initial LT4 dosage of 9.4 µg/kg/d. The third case involved a 26-d-old girl with a body wt of 3.2 kg (--1.8 SD) at diagnosis, and respective TSH and fT~4~ levels of 24.6 μIU/mL and 1.53 ng/dL, who was administered an initial LT4 dosage of 7.8 µg/kg/d. The second case exhibited growth catch up to a wt gain of + 0.2 SD. However, the first and third cases exhibited poor wt gain after being started on LT4, with respective body wt remaining between --0.5 SD and --1.2 SD, and between --0.7 SD and --1.8 SD, respectively. Therefore, the LT4 dosages exceeded the cutoff value in these patients were aged 1 and 3 yr.

Discussion {#s4}
==========

The results of this study suggest that LT4 dosages ≤ 2.4 at 1 yr and ≤ 1.3 μg/kg/d at 3 yr of age indicate T-CH. To the best of our knowledge, this is the first report on P-CH and T-CH LT4 cutoff values in Japanese patients. Although no simple method for distinguishing T-CH from P-CH currently exists, the results of this study may eliminate the need for frequent blood tests, help predict the patient's clinical course, and relieve parental anxiety.

Previously identified LT4 cutoff values for differentiating between P-CH and T-CH in 3-yr-old children were 30 μg/kg/d at 90 d, 2.20--3.20 μg/kg/d at 6 mo, 2.50--2.70 μg/kg/d at 1 yr, 2.70 μg/kg/d at 2 yr, and 2.05--2.76 μg/kg/d at 3 yr in patients with eutopic thyroid glands, as shown in [Table 2](#tbl_002){ref-type="table"}Table 2.Summary of the studies differentiating between P-CH and T-CH (7--12). Fu *et al*. ([@r9]) noted that the most accurate LT4 cutoff value was 30 μg/d at 90 d.

Thyroid ultrasonography is an important diagnostic tool used to differentiate between P-CH and T-CH. Although in this study, there were no significant differences in the thyroid gland size and position between P-CH and T-CH patients, abnormal thyroid gland morphology was found to be associated with P-CH, as reported in previous studies ([@r1], [@r2], [@r9], [@r10]). There might have been no significant difference due to the small number of cases. Thyroid agenesis or dysgenesis patients are known to require lifelong thyroid hormone therapy. In this study, three and one patient in the P-CH group presented with a hypoplastic and an ectopic thyroid gland, respectively. Consistent with previous reports, no patient in our T-CH group presented with abnormal thyroid morphology.

This study revealed that there were no significant differences in the TSH levels at treatment initiation between the P-CH and T-CH groups. At present, using TSH levels to differentiate between P-CH and T-CH, is controversial. As reported in five previous studies, they were higher in thyroid agenesis and dysgenesis patients, than in those with eutopic thyroid glands ([@r5], [@r9],[@r10],[@r11],[@r12]). Contrarily, in four previous studies, no significant difference in P-CH and T-CH TSH levels were reported, despite the inclusion of thyroid agenesis and dysgenesis patients in the P-CH group ([@r1],[@r2],[@r3], [@r7]). In the present study and others ([@r8],[@r9],[@r10],[@r11]), LT4 dosage by the age of 3 yr was a better P-CH and T-CH predictor than TSH levels at treatment initiation.

Based on the results of this study, it is recommended that thyroid echography be initially performed to detect aplastic, hypoplastic, and ectopic thyroid glands, and LT4 treatment continued if any of these developmental abnormalities are suspected. If none is suspected, and the LT4 dosage has not been increased before the age of 3 yr, lowering the dosage to 1.3 μg/kg/d can be attempted, and if TSH levels does not increase during LT4 dosage reduction, the dosage can be discontinued after gradual tapering and TRH testing. However, if the LT4 dosage has been increased before the age of 3 yr, the LT4 dosage at age 3 yr should only be reduced after a full consideration of the case. A difficulty in the reduction process would likely suggest P-CH.

This study has at least two limitations. Firstly, only a single center was involved, and the sample size was small. Future multiple-center studies with larger sample sizes are needed. Secondly, the follow-up period after LT4 treatment discontinuation was at most 3 yr, which is insufficient for the evaluation of T-CH patients. Of the 16 T-CH patients in a study conducted by Miki *et al.*, two (13%) relapses with slightly increased TSH levels during the follow-up were noted ([@r13]).

Conclusion {#s5}
==========

This study suggests that when LT4 dosages are ≤ 2.4 and ≤ 1.3 μg/kg/d at ages 1 and 3 yr, respectively, T-CH should be suspected.
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